Sample cuvette -tungsten boat furnace (TBF) -inductively coupled plasma atomic emission spectrometry was investigated for the direct determination of trace amounts of cadmium and lead in biological materials. To each small sample cuvette made by tungsten, the mixture of a ground biological sample and powdered dlammonium hydrogenphosphate was accurately weighed. Tetramethylammonium hydroxide solution was injected into it. Then, the cuvette temperature was maintained at a wet-digestion temperature to decompose the solid sample. After the on-furnace digestion was completed, the temperature was succeedingly elevated up to generate the analyte vapor to introduce into the plasma.
digestion, inductively coupled plasma atomic emission spectrometry
The direct analysis of solid samples by inductively coupled plasma atomic emission spectrometry (ICPAES) is one of the most attractive methods b ecause of the time saved by avoiding dissolution and dilution steps and also high sensitivity. Various approaches have been described''8 including the applications of a pelletized solid insertion device,' graphite cup direct insertion devices"2s and electrothermal vaporization (ETV) techniques.3's'8 By using ETV systems, however, there are several difficulties, such as to introduce pre-weighed small amounts of powdered samples into the ETV device, to remove the residues from it easily, and to find an accurate calibration method.
The purpose of this manuscript is to demonstrate preliminary results for the direct analysis of biological samples by ICPAES using a tungsten boat furnace (TBF)-sample cuvette technique. In this experiment, the fusion technique was combined with the TBFsample cuvette technique.
Thus, the ground biological sample and powdered diammonium hydrogenphosphate as a flux were pre-mixed. The flux also acted as a chemical modifier in a vaporization stage. A certain amounts of the mixture was weighed into a removable small sample cuvette. Then, the cuvette was loaded on the TBF and maintained at a decomposition temperature by heating of the furnace. After the sample was fused and decomposed completely, the contents were subsequently heated up to a vaporization temperature to introduce the analyte into the ICP.
Experimental Apparatus
A Kyoto Koken (Kyoto; Model UOP-1 S) high resolution ICP atomic emission spectrometer was used. For an electrothermal sample digestion and introduction device, a Seiko II (Tokyo; Model SAS-705V) TBF vaporizer equipped with a large Utype boat (10 X 60 mm) was used after some modifications. Each sample cuvettes (10 X 15 mm) was shaped by cutting the tungsten boat. A diagram of the modified device was shown in the literature.9
Reagents
Extrapure-grade tetramethylammonium hydroxide (TMAH, 25% solution, Tama Chemical, Tokyo) and Suprapur-grade diammonium hydrogenphosphate (Merck, Darmstadt, Germany) were used for chemical modifiers.
Procedure
Each 10 mg of a mixture of sample powder and diammonium hydrogenphosphate (2+1) which was ground to a fine powder, was weighed accurately on the small sample cuvette by means of a microbalance. One of the cuvettes was then superposed on the TBF and TMAH solution was added into it. This cuvette was heated by the resistance heating of the TBF and maintained at 130-150°C to decompose the organic matrix. The temperature was ramped up to 250-300 to pyrolize. After the cuvette was heated at an ash temperature (550°C for cadmium, 1000°C for lead) to remove an excess portion of the diammonium hydrogenphosphate, the sample insertion port was closed. A final temperature elevation (2000°C for cadmium, 2500°C for lead) generated a transient cloud of the analyte vapor, which was transported into the ICP by the carrier gas SCIENCES VOL.13 SUPPLEMENT 1997 stream (Ar, 300-350 cm3 min'1; H2, 50 cm3 min'). The momentary emission peak area at 214.438 nm (Cd II) or 220.353 nm (Pb II) was measured.
Results and Discussion
Optimization of operating conditions Because of the vast difference in matrixes between solid and liquid forms, aqueous standards were not usable for preparing calibration curves. Therefore, calibration using CRMs with matrixes similar to those of the samples had most frequently been used. In this case, the selection of the CRMs as calibrants was very important, e.g., the matrixes of the CRMs should be similar to those of the samples; the analyte concentrations of the samples should be in the concentration range of the CRMs. Standard addition method was effective to overcome some interferences caused by matrixes.
In our proposed method, each solid sample was chemically predigested with TMAH and diammonium hydrogenphosphate in the sample cuvette during the ashing stages. Therefore, before the vaporization stage, the analyte reacted with phosphate ion to form Cd3(P04)2 (m.p. 1500, b.p. not measured) or Pb3(P04)2 (m.p. 1014°C, b.p. not measured), compounds thermally more stable than other cadmium or lead species. Consequently, the chemical species of the analytes in the asked solid samples were the same as those in the respective aqueous standards.
The added amounts of TMAH and diammomum hydrogenphosphate were optimized by recording signals from each aliquot of the NIBS CRM No. 10-c, Rice Flour, as a typical sample.
Strongly basic reagents are generally useful for the decomposition of protein. TMAH is strongly basic enough to decompose biological tissues. Moreover, TMAH is completely removable by heating at about 200°C or above. In this experiment, 25% TMAH aqueous solution was used, and 80 mm3 for each batch was sufficient.
The effect of the weight ratio of diammonium hydrogenphosphate on the integrated atomic emission intensity of cadmium was examined. When insufficient amounts of the phosphate (less than 10%) was added, reproducible signals were not observed in spite of an adequate amount of TMAH. This is due to not only incomplete digestion but also interferences caused by co-existing ions.10 The weight ratio was more than 80%, the plasma became unstable. The maximum sensitivity was achieved at the weight ratio of 25 -35%. Therefore, 33% was selected. As for the lead determination, similar results were obtained and 33% was also optimum.
Application to practical samples
The accuracy of the proposed method was examined by analyzing biological samples. As Table  1 shows, cadmium in these samples can be successfully determined directly by using a calibration curve prepared from the aqueous standard solutions. Therefore, this method will be applicable to the determination of cadmium and lead in samples such as biological materials.
In conclusion, the TBF-sample cuvette technique overcomes problems such as weighing small amounts of powdered samples, introduction of the samples into the TBF device and removal of the residues from the device. The technique allows standardization procedure more easily by using aqueous standard solution.
Regarding the sample throughput, this technique makes it possible to measure a number of samples sequentially by preparing a lot of cuvettes each containing a solid sample previously.
This project was partially supported by a Grant-in-Aid for Scientific Research (No. 09740556) from the Ministry of Education, Science, and Culture, Japan. Table 1 Determination of ca dmium in reference materials
